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The Institute of Geophysics and Planetary Physics proposed to
continue the use of data from Explorer 33 and 35 in conjunction
with data from UCLA space flight experiments to extend present
studies of the effects of the solar wind and interplanetary mag-
netic field on the bow shock and geomagnetic cavity. This re-
newal proposal was rejected due to lack of funds. We are now
submitting this proposal as our final report. The work completed
on this grant is covered in detail by this report, as well as
work that was under way but not yet complete,and a discussion of
what remains to be done in the proposed area of study.
2I. WORK COMPLETED
1. Data Acquisition
Our correlative data from--the Explorer 33 and 35 magnetometer
consist of three types: microfilm plots, 1 hour averages, and 81.2
second averages. We have obtained the microfilm plots from the
National Space Science Data Center for Explorer 33 from July 1966
to July 1969 and for Explorer 35 from July 1967 to July 1969. From
the Ames Research Center we have obtained hourly averages for the
years 1967 and 1968 and the 81.2 second averages. The 81.2 second
averages are on magnetic tape and cover the period from March to
November 1968. These data were originally on IBM 7094 7-track mag-
netic tapes and we have reformatted them into IBM 360 9-track tapes,
thus providing data compatible with the computers of a larger seg-
ment of the scientific community.
We have also acquired orbit data for Explorer 33 for the period
from January 14, 1968, to August 6, 1968, and November 11, 1968,to
February 4, 1969, on microfilm (predicted world maps). Data for
the intervening period have been acquired on magnetic tapes.
32. Computer Programs
We have written programs to read, print, and plot the high
resolution Explorer 33 and 35 data for correlation studies with
other satellite data. Further, we have written a specialized
analysis program using the Explorer 33 or 35 field direction and
the OGO 5 orbital data to give the angle between the interplanetary
field and the shock normal and also to find the position of inter-
section on the bow shock of the field line through OGO 5.
43. Research
a. Polar Cusp. Explorer 33 data in IPM showed that repeated
encounters of the polar cusp by OGO 5 on November 1, 1968 were due
to the changing north-south component of interplanetary magnetic
1field. Specifically, when the interplanetary field was southward
the polar cusp moved equatorward. Further analysis of the Explorer
33 and OGO 5 data has revealed other and perhaps more important
2control of the polar cusp by the interplanetary magnetic field.
When the interplanetary field is northward, the electron tempera-
ture is a factor of 2 higherinthe polar cusp than when the inter-
planetary field is southward. Further, the currents in the polar
cusp are stronger when the interplanetary field is southward than
when it is northward.
b. Substorms. The Explorer 33 and 35 data have been used to
study the effect of the interplanetary magnetic field on the growth
phase of substorms. Specifically, it is found that the growth
phase occurs when the interplanetary field turns southward3 and that
quiet geomagnetic periods occur during intervals of northward inter-
4planetary field.
c. Geomagnetic Activity. Our correlative work on the effect
of the orientation of the north-south component of the interplane-
tary magnetic field on both the magnetopause and the polar cusp
using the Explorer 33 and 35 data plus the experience gained in
coordinate transformations required for these correlations led us
to attempt to solve an age-old problem of geomagnetism: the semi-
annua variation of geomagnetic activity.5 Our explanation isannual variation of activi~ty. Our explanation is
5simply that the changing orientation throughout the year of the solar
magnetospheric coordinate system, in which the interaction at the
magnetopause is controlled, relative to the solar equatorial co-
ordinate system in which the interplanetary field is ordered, leads
to a varying probability throughout the year that the interplanetary
field will be southward. This southward field then causes sub-
storms and hence increases geomagnetic activity. Although this
project affected the amount of time we were able to spend on the
detailed correlation analysis that we had expected to undertake,
it represented a direct application of the knowledge we had been
gathering during these analyses and hence we judged this project
a valuable investment of our efforts.
d. North-South Component of the Interplanetary Magnetic Field.
The dependence of the average north-south component (in solar equa-
torial coordinates) of the interplanetary field on the polarity of
the field (towards or away from the sun) which was originally found
with Mariner data, has been confirmed using Explorer 33 and 35 data
6in 1967 1961968. The relationship found is such that for an
interplanetary field directed outward from the sun, the mean value
of Be was negative above the equatorial plane and positive below it
and vice versa for an inward field.
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7II. WORK IN PROGRESS
1. Computer Programs
Work was underway to make daily plots of both the
Explorer 33 and 35 data for the period of March 1 to November 1,
1968. These would serve the same purpose .as ground based magneto-
grams and would have similar formats.
82. Research
a. Polar Cusp. The study of the polar cusp as revealed in
the OGO 5 data and the influences of the interplanetary magnetic
field was continuing. We were concentrating on the currents
within the polar cusp.
b. Substorms. The study of individual substorms in the tail
and the effects of changes in th.e interplanetary medium was con-
tinuing. We also were beginning to use new ground indices con-
structed from low latitude observatories and compare with the ATS 1
magnetometer data.
c. The Magnetopause. We had reinitiated our study of the
magnetopause and had begun to analyze the energetic particle data,
low energyv nrticrle Hdat and the mmnn-tir fi1lH -A frinrtinn nof
the orientation of the interplanetary magnetic field.
d. The Magnetosphere. In the low latitude predawn region of
the magnetosphere at about 8 Re, many OGO 5 passes-reveal an oscil-
lation of the plasma sheet boundary with a period of 5-10 minutes.
We have examined the interplanetary magnetic field for evidence of
similar fluctuations in the interplanetary medium and have found
none. However, in each of these instances examined to date, the
interplanetary field was southward.
e. The Shock Front. The structure of the .earth's bow shock
is quite varied. Preliminary studies using the Explorer data to
measure the orientation of the interplanetary field, have shown
that some ordering of the shock structure is achieved by considering
the angle between the interplanetary field and the local normal to
9the earth's bow shock. When this angle is large, the shock is a
simple discontinuity. At progressively smaller angles precursor
waves appear. At small angles, the shockfront is turbulent and-
irregular in structure.
f. Nlorth-South Component of Interplanetary Magnetic Field.
As the Explorer data for 1970 are analyzed we shall receive tapes
o-f the 1 hour averages of the data of the interplanetary magnetic
field. The north-south component and the polarity of the inter-
planetary magnetic field was then be analyzed. The year 1970 is
of particular interest because it is at and right after solar maxi-
mum when the activity starts to decrease and the dipolar field at
the sun's poles may change.
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III. PROPOSED RESEARCH
The correlation study undertaken between the Explorer 33 and
35 data and the OGO 5 data has been very rewarding to date, and the
role of the interplanetary field in controlling magnetospheric pro-
cesses has been revealed to be even more universal than previously
expected. Not only does the southward component control the growth
phase of s'ubfstorms, in whic-h the flux of the dayside magnetosphere
is eroded and transported to the tail, but it also controls the
processes occurring in the polar cusp. Further evidence forthis
control is the success of our model of the semiannual variation of
geomagnetic activity in which the interplanetary magnetic field is
the primary agent. Further, we note that even the bow shock is
affected by the orientation of the field.
Finally, we note that our studies have revealed a new ordering
to the interplanetary field itself. The interplanetary field is
skewed with respect to the simple Parker spiral.
Although this study has been quite successful, resulting in
six publications, as we have shown in Section II, there are many
unfinished projects. We would like to understand in detail what
changes occur in the polar cusp, what is the change in the struc-
ture of the magnetopause, how do the oscillations of the plasma
sheet arise, how can ground data be used to determine what is
occurring in the tail and in interplanetary space, and what is the
exact dependence of the bow shock structure on the interplanetary
magnetic field. We note further that some groups still do not
accept the control of the interplanetary magnetic field in pro-
ducing the growth phase of substorms, and thus, we must yet
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analyze/further substorms in detail. Finally, we note the impor-
tance of continuing the study of the properties of the interplanetary
magnetic field as the solar magnetic field evolves during the pre-
sent solar cycle. The 1970 data span is a critical period during
which this phase of the variations of the interplanetary field
should be carefully analyzed.
The method we have found that is most fruitful and most con-
vincing in our correlation studies is the analysis in detail of
several individual events. We feel that further analysis should be car-
ried out in this way. For if one can explain the many details of a
specific sequence of events, one demonstrates that he understands
the controlling mechanisms. Thus, we would choose events in the
GO 5data, such as aiseries of shock crossings. magnetopause
encounters, or substorms and compare them in detail with the inter-
planetary field. Since the data files for Explorer and OGO 5 exist
in readily accessible form we need not carry out any expensive
data processing but rather could proceed with a low cost analysis
program.
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